Introduction
Considerable heterogeneity can be observed in the hemoglobin of the adult sheep and goat. The various forms include three adult hemoglobins (Hbs A, B and D) found in different combinations in individual animals of both species. A specific fetal hemoglobin (Hb-F) is also present in newborn lambs and kids. The synthesis of these hemoglobin types involves specific , B, y and cc structuralgenes (table IA).The heterogeneity of thegoat hemoglobin is particularly marked because of the existence of two nonallelic cc structural genes, the HbI, and HbII, genes, which possibly arose through duplication.
A dormant gene, the Hbgc gene, exists in these ruminants and becomes activated in certain animals when subjected to severe anemia. The product of this gene differs considerably from the ,BA chains observed in the adult sheep and goat; the chain contains only 141 amino acid residues, whereas 145 residues are present in the ,BA chains; it contains one isoleucyl residue and no methionine and differs from the ,B* chain in several positions. Only a small percentage of Hb-C is observed in lambs up to 2 months of age [lo, 1 1,461, if the lamb is also carrying the H b g~ gene. Minute amounts of Hb-C are observed in adult A sheep, while the ,BC production in nonanemic adult goats varies be-tween 5 and 10 % [24, 261. A partial activation of this Hbpc gene will complicate the hemoglobin heterogeneity of these animals; a moderately anemic goat with a heterozygosity for the H b p~ allele will produce six distinct hemoglobin types (table IB) . Oxygen dissociation curves of blood samples in uitro obtained from normal and anemic goats haveshown that Hb-C chaincontaining red blood cells of the anemic goat exhibit a decreased affinity for molecular oxygen with a concurrent increase in the Bohr effect [28] .
This study examines the production of the PC chain in newborn lambs and kids. Evidence will be presented to indicate that, shortly after birth, the fetal hemoglobin in the newborn goat is replaced almost entirely by the PC chain and not by the P chains that normally occur in adult hemoglobin types. A similar phenomenon is observed to a lesser extent in newborn lambs. The results of investigations made in an attempt to explain the notable increase in the biosynthesis of the PC chain shortly after birth will also be presented, and physiological implications will be considered.
Materials and Methods Animals
Three newborn lambs of the Rambouillet breed (Nos. 6 192, 6 193 , and 6 176), the progeny of AA ewes and a n AA ram, were studied [53] .
Twelve newborn kids of domestic stock were available. Five were homozygous for Hb-A (AA), three were heterozygous for the H b p~ allele (AD), three were heterozygous for the H b I a~ allele (AB) and one was 
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H b p~; H b p~ The /?A chain is found in Hb-A. The HbpD gene is a n allele.
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The PI' chain differs from the P A chain in position 2 1 (Asp + His). homozygous for the HbIaB allele (BB). Blood samples of these animals were collected within 24 hours after birth, and various hematological values and the quantities of the hemoglobin components were determined. Similar studies were made on five of these newborns a t weekly to biweekly intervals for more than4 months; these five animals were Nos. 122 (AA), 1 19 (AD), 158 (AD), 100 (AB) and 125 (BB). A 15 ml blood sample was collected from each of the remaining seven newborns on four occasions over a period of 100 days to determine the erythropoietic stimulating activity of the serum; the time between two collections from one newborn kid varied between 20 and 30 days. One larger kid (goat 105, AB) was used to study the in uiuo effect ofanisolatederythropoieticstimulatingfactor (ESF) on the formation of specific hemoglobin components.
Hernatological Studies
These analyses included the determinations of the total hemoglobin ( H b g % ) , packed cell volume (PCV %), red cell (RBC 106/mm3) and reticulocyte counts following standard laboratory procedures [48] . The method used for determining the ESF activity of serum was a modification of the technique described by PAVLOVIC-KENTERA et al. [38] . This modification, which uses a n oxygen-nitrogen mixture with 8 % 0, to produce polycythemia in assay mice, has been described elsewhere [33] . 
Hemoglobin AnaCysis
The methods used for preparing red cell hemolysates and for starch gel electrophoresis have been described [21] . Sheep and goat hemoglobins were quantitated by chromatographic analyses on columns of DEAESephadex A-50 [14, 23] . It was not possible to separate Hb-F (ovine) from the adult Hb-A (ovine) with this procedure. The quantities of sheep Hb-F were determined by CM-cellulosechromatography usingcolumns of 22 x 0.9 cm and an 0.0 1 M sodium phosphate buffer, pH 6.8, as the initial developer. Hb-F is eluted as the first component in this system; the remaining hemoglobin fractions were recovered as a mixture by introducing the same phosphate buffer, but with a pH of 8.4. All four possible hemoglobins of newborn lambs can be quantitated by the application of these two chromatographic techniques.
Various hemoglobin components to be observed in the newborn kids, namely, Hb-D (a,B,D), Hb-B ('a2BP2A), Hb-A (a2/12A), Hb-C (az/IzC), Hb-FIB (Ia,By,), and Hb-F/A (a,y,) can be separated by DEAE-Sephadex chromatography. Chromatograms of the hemoglobin from a young kid one day and 23 days after birth are shown in figure 1 . Separation of the two fetal hemoglobins of this young AB kid required the application of a buffer, pH 6.5, for complete recovery. Hemoglobin components of the I a series and of the "a series could not be separated by this procedure (tables I A and I B ) ; these components are therefore quantitated as one fraction and are identified simply as a ,~, components (X being either ,!?A, PD, PC, or y chains). A second complicating factor was the chromatographic behavior of the Ia,BP,C component. This hemoglobin has a chromatographic mobility in our system about the same as that of Hb-A or a,p,A. A mixture of various quantities of the Ia2B/l,C and a,j3,A components is present in the second zones of chromatograms of hemolysates obtained from goats with a heterozygosity or a homozygosity for the HbIaB allele. This unfortunate complication made it necessary to estimate the amounts of the two components in these zones from the amount of Hb-B (*a,*P,A) observed in zone I, assuming a ratio for Hb-B and Hb-A of 1 : 3 in the heterozygous AB goat [25] and of 3 : 2 in the homozygous BB goat [18] . The values for the relative amounts of the PA chain-containing hemoglobins in these goats were therefore derived from the sum of the percentages of zone I (Hb-B), multiplied by the appropriate factor. Those of the PC chain-containing hemoglobins were calculated from the sum of zone I11 (a,B,C) and zone 11, minus the calculated amounts of the a,B,Acomponent; those of the y chain-containing hemoglobins, from the sum of the percentages of zones 
Isolation of Evthropoietic Stimulating Factor (ESF)
The ESF factor injected into two lambs (see section Results) was isolated from the urine of a patient with paroxysmal nocturnal hemoglobinuria; the ESF factor injected into goat 105 (see section Results) was isolated from the urine of a preterminal patient with an anemia secondary to multiple myeloma. The ESF fractions were prepared and standardized in terms of standard B units [52] according to LEWIS et al. [32] . The ESF fraction (1.9 ESF U/mg) injected into the lambs was also treated with tannic acid [19] and was dissolved in serum obtained from an anemic sheep. The ESF fraction (24.3 ESF U/mg) injected into goat 105 was dissolved in normal goat serum.
Results
The PC Production in Newborn Lambs Figure 2 summarizes the data obtained for 3 lambs homozygous for the H b p~ gene studied for a period of 140 days after birth. The animals showed initial decreases in the H b and PCV levels observed by others [2, 401. The lowest levels were recorded about 20 days after birth, while values comparable to those observed at birth were found 20 days later. The red blood cell counts were variable during the first three weeks after birth, while the values after 2 months were higher than those observed at birth and more comparable to values found in adult sheep. Reticulocytes were virtually absent at birth; a slight increase (to maximally 2 %) was seen during the first 25 days after birth. There was a decrease in the mean cell volume (MCV) after birth, followed by a slight macrocytosis; adult values were observed from the 40th day. The birth weights of the animals were 3.9, 3.9, and 3.8 kg; 30 days after birth, they weighed 9.8, 10.0, and 12.3 kg, and after 60 days, 14.6, 14.6, and 16.8 kg, respectively. The Hb-F levels at birth were 95.3, 98.5, and 98.3 % and decreased after birth; none was detectable after 40 days, which is in agreement with the observations by others [12, 151 . Hb-C (a,P,c) was virtually absent at birth, but increased steadily during the following 2 weeks. The highest amounts, between 5 and 6 %,were recorded from the 14th to the 20th day, which would indicate that about 10 % of the adult hemoglobin, replacing Hb-F, was Hb-C (the actual percentages for the 3 lambs on day 14 were 13.2, 12.5, and 7.6 % ; and on day 20, 8.3, 8 .0, and 5.0 %, respectively). The amount of Hb-C decreased rather slowly after this period; values of about 1.2 % were recorded after 76 days.
The Effect of ESF-Rich Urinary Extract on the Hb-C Production in Lambs
The twin lambs (Nos. 6192 and 6193) were injected intraperitoneally with 190 ESF U/kg 76 days after birth, while lamb No. 61 76, a control, received a saline injection on the same day. Food was withheld from these animals one day prior to the injection, the day of injection and one day after the injection. The Hb-C levels increased to about 3 to 5 %within approximately 14 days after the injection; these levels were maintained for about two weeks, after which time a gradual decrease was observed in both animals ( fig.2) . The percentage of Hb-C in the control continued to decrease to levels of about 0.2 to 0.4 %. No significant changes in the hematological parameters were observed, nor was Hb-F detectable at any time during these experiments.
The PC Production in Newborn Goats
The fetal hemoglobin in 12 newborn kids varied from 86.0 to 98.1 %. Similar studies as described for the three lambs were made in 5 goats, one homozygous for the H b g~ gene, two heterozygous for the H b p~ allele, one heterozygous for the H b I ,~ allele, and one homozygous for this allele. The results obtained for two of these animals are presented in figure 3 . The changes in the hematological data were comparable with those recorded for the newborn lambs, except for a much larger increase in the red blood cell counts. The initial red cell count of 9.3.106/mm3 in goat No. 119 decreased slightly during the first 10 days after birth, but rose rapidly to the normal adult value of 20 to 23.106/mm3. The mean corpuscular volume decreased from an initial 34.5 p3 to about 17 p3. These observations correspond with those made by BARTELS et al. [2, 40] . The reticulocyte counts increased from initial values of 0-0.2 % to approximately 2 % on day 20, followed by a gradual decrease. Similar changes were also seen in the newborn BB kid ( fig. 3 B) ; the total hemoglobin and PCV values, but not the RBC counts, were usually somewhat lower in this animal than those found in the other four newborns. The mean values for the total Hb, PCV, and RBC determined betweendays60 and 126forgoat No.119 were 11.6g %, 35.5 %, and 21.5.106/mm3 and for goat 125 11.1 g %, 33 %, and 22.6.106/mm3, respectively. The one fetal hemoglobin component in the AA and AD goats and the two fetal components in the AB and BB goats disappeared rapidly; no Hb-F was demonstrable 40 days after birth. The PC containing hemoglobins, which were almost absent at birth, rapidly increased; a maximum of over 80 % (even 99 % in goat 119) was observed around 40 to 50 days after birth. The P A chain-containing hemoglobin components initially showed (on days 4 to 10 after birth) a slight rise followed by a decrease to very low values. After 60 days, the /?C containing hemoglobins were gradually replaced by the /?A containing hemoglobins. The growth rates of newborn kids were comparable to those observed for the three lambs.
The ESF Activity Observed in the Serum of Newborn Kids
The activity of ESF was determined in the sera of 7 additional newborn kids rather than in the 5 newborns under study. The reason for this complication was the large volume of blood (1 5 ml) needed; the resulting mild anemia could probably cause an undesirable increase in PC production. Four blood samples were obtained from each of these 7 animals; the samples were collected with time intervals of 20-30 days. The results of these determinations are presented in figure4 as the percentagesof injected Fe59incorporat-ed during 48 hours by the RBC of polycythemic assay mice due to 1 ml ofgoat serum. The data are compared with the changes in the hematological parameters observed for all five goats under study and with the chan-DOZY, BOYD Hemoglobin C i n newborn ges in the percentages of the y, PA, P D and PC chain-containing hemoglobin types, as they were calculated from the various chromatograms. Although the values for the Fern incorporation showed a relatively large deviation, a maximum could be observed 15 to 20 days after birth. This maximum was about 50 % higher than the values found on days 4 to 7 after birth and about twice those found in goats 60 to 100 days of age. The increase in ESF activity corresponded rather well with the increase in total Hb, PCV values and RBC counts, and with the rapid production of the PC polypeptide chain. The maximum PC production was reached 20 to 25 days after the maximal ESF activity was observed.
The Effect of ESF-Rich Urinary Extract on the PC Production in the Goat
Goat number 105, having a heterozygosity for the H b I G~ allele was used. The animal was about 6 months old and weighed 18 kg at the start of the experiment; the level of Bc chain-containing hemoglobins was 3 to --5 %. A large amount of erythropoietic stimulating material (602 ESF U/kg) was injected intraperitoneally; food was withheld one day before injection, the day of injection, and one day after injection. Hematological and hemoglobin data were collected a t varied intervals for 70 days. The animal responded with a marked polycythemia. The maximum was reached 13 days after the injection, when the total hemoglobin level had increased from 13 to 14. hemoglobins started rising on the 4th day. The level was a t its maximum about 14 days later, when approximately 20 % of the P A chain was replaced by the P C chain. This increased level of PC containing hemoglobins was maintained for about 20 days and was followed by a slow decrease to normal levels. No reticulocytosis was observed.
Discussion
The most striking features of these investigations were the large production of the P C chain in the normal, nonanemic newborn kids after birth, the apparent relation between a humoral plasma factor and the formation of this specific polypeptide chain and a greater sensitivity of newborn kids to the stimulus initiating the P C production when compared with newborn lambs. The PCchain almost totally replaced they chain in newborn kids, while in the newborn lambs, only up to 10 % of the chains replacing the 1) chains were of the P C type.
The changes noted in red cell morphology of these fast growing animals during the first three months of life confirm observations made by BARTELS et al. [2, 40] . These investigators observed also changes in the affinity for molecular oxygen of blood samples collected a t different time intervals after birth and reported that, in the weeks following birth, oxygen dissociation curves move to the right, even beyond the average adult blood samples. This phenomenon was most striking in the kid and was observed to a lesser extent in infants. A comparison of the oxygen affinity data of the newborn kid, shown in figure 1 of their 1961 publication [40] , with our findings on the P C production in this animal during the first three months of life (figs. 3 and 4) delineates close correlation between these two observations. The gradual decrease in oxygen affinity (indicated by a steady increase in the P,, values from 26.5 m m H g on day 5 to approximately 36 mm H g on day 42), followed by a slow decrease to values approaching those observed in adult goats, corresponds remarkably to the disappearance of Hb-F (complete after 40 days), the increase in P C containing hemoglobins (maximal between 40 and 50 days after birth) and the gradual replacement of P C containing hemoglobins by PA containing hemoglobins. This correlation becomes even more apparent from our recent observation [28] that the oxygen affinity of blood from severely anemic goats, with 100 % P C containing hemoglobin types, is significantly decreased, while the Bohr effect is moderately increased. It appears that the large production of PC containing hemoglobin types in this animal species during the first 3 months after birth is directly responsible for the observed change in functional properties. This phenomenon will influence oxygen transport because the presence of P C containing hemoglobin types in these nonanemic animals will increase the ability of the blood to release oxygen to tissues.
One wonders if a similar phenomenon exists in humans. Recent studies by SCHROEDER et al. [42] have offered evidence for the structural heterogeneity of human fetal hemoglobin. I t seems that at least two (and possibly more) types of y polypeptide chains are synthesized in the normal human fetus; these y chains differ at a minimum in one residue, namely, residue 136, which is occupied either by a glycyl or a n alanyl residue. Structural analyses of y chain abnormal varients have left little doubt as to the genetic basis of this heterogeneity of human fetal hemoglobin. No information is presently available of possible changes in the quantitative relation of these fetal hemoglobin types during the first few months of life, nor of possible functional differences between these fetal hemoglobins. Although the relative increase after birth of one specific fetal hemoglobin, that which also exhibits a decreased affinity for molecular oxygen, cannot be excluded, a second possible explanation for the observed changes in the oxygen equilibria appears from the recent studies by BENESCH and BENESCH [4, 51 . Their investigations have shown that 2,3 diphosphoglycerate (2,3 DPG),
which is present in a relatively large amount in the adult human red cells, acts as a regulator of the hemoglobin oxygen affinity. The 2,3 DPG greatly facilitates the release of oxygen from hemoglobin because of the greater affinity of the compound for the deoxygenated form than for the oxygenated form. The 2,3 DPG content of the human fetal red cells may be lower than that of the adult erythrocytes [41] . I t seems that an increase in the formation of 2,3 DPG after birth is a possible regulator in decreasing the oxygen affinity of the red blood cells during this period. The 2,3 DPG is virtually absent in the erythrocytes of sheep and goats [39] , and the regulation of the oxygen equilibria of the blood of newborn kids and lambs after birth may demand a mechanism different from that proposed for the human infant, namely, the synthesis of specific PC chain-containing hemoglobin types with altered functional properties. The observation that a humoral factor can initiate a n increase in production of PC chains was first reported by MOORE et al. [37] and has been confirmed by others [9, 171. Our recent findings, namely the elevated ESF activities in the plasma of newborn kids 10 to 30 days after birth and the increased formation of PC chains in young lambs and kids after administration of ESF material isolated from human urine, also support this possibility. The nature of the humoral factor remains obscure; our observations suggest that the stimulation of the PC production in sheep and goats is a property of a n unidentified protein, which could possibly be that designated as erythropoietin. The exact nature of the response to a n increased concentration of the factor (either by a n increased endogenous production or by administration of exogenous material) is also unknown. The physiological change in the newborn kids apparently signals a n increased production of ESF factor (or factors) over a relatively long period. This increased ESF activity is accompanied by a mild reticulocytosis (maximal around day 20) and by the appearance of PC chain-containing hemoglobins (maximal around days 40 to 50) .These observations could indicate that at least two mechanisms are involved which are influenced by the same factor or perhaps by two separate factors. One concerns the acute stimulus of the bone marrow to produce red blood cells as is manifested by the reticulocyte response, while the second concerns the increased production of the polypeptide chain, a qualitative rather than a quantitative response.
A series of events similar to those observed in the newborn kid is likely to occur in the newborn lamb. I n comparing these phenomena, one wonders why the response to an apparent mild increase in activity of endogenous ESF results in a considerably larger production of the chain in the newborn kid than in the newborn lamb. It is impossible to state positively that administration of exogenous ESF in lambs and kids results in a similar response difference; the data shown in figures 2 and 5 are too different for a quantitative evaluation of the results. In this context. s h e e~ and goats, when subjected to a similar bleeding technique, are equally good producers of ESF. The response of these adult animals to this identical stress, however, is quantitatively different in that the sensitivity in goats to the stimulus for PC synthesis is considerably greater than that in sheep [1, 24, 37, 43] . The explanation for these differences may be found in the pbssible presence of a negative feedback inhibitor [13] . The possibility that an activator-inhibitor complex is produced and assumes a n important role in the regulation of erythropoiesis [36] , has been recently supported by the isolation of a protein fraction from the urine of four anemic patients with a relatively potent ESF inhibitory activity [34] . This protein may be the same as the ESF inhibitor observed by others [16, 30, 311. Assuming that a n activation-inhibition mechanism does operate in both animal species, it appears that the greater sensitivity for PC production in the goat could be due to a relative deficit in the formation of the feedback inhibitor in this animal. The absence of a large production of PC chain-containing hemoglobin in sheep during the postnatal period may be explained, in part, by the difference observed between the oxygen affinities of sheep hemoglobin C, which is similar to that of sheep hemoglobin A, and of goat hemoglobin C, which is considerably less than that of goat hemoglobin A a t physiological p H values [28, 431 . These observations would imply that the production ofhemoglobin C during the newborn period would be of no advantage to the newborn lamb, in contrast to the newborn kid.
An explanation of the nature of the to PC switchover mechanism as a response to a n increased production of an ESF plasma factor is highly speculative. I t appears that the mechanism could involve a direct interaction between the factor and either the Hbpc structural gene (inducing PC chain production) or the H b p~ structural gene (inhibiting P A chain production with an increase in PC chain production as a secondary response), or both. An alternate explanation can be based on an interference of the ESF factor alone or as part of an activator-inhibitor complex with the operator-regulator mechanism involved in controlling the rates of synthesis of the Hbpa and Hbpc structural genes, if a similar mechanism does exist in mammals as was observed in bacteria [29] .
